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© Aqueous dOsporsloros corctalnflrcg ABC trlblocb ptriymier dlspsrcants. 

© Aqueous dispersions having improved stability and which are particularly well suited for use as aqueous ink 
jet ink compositions comprise an aqueous carrier medium which comprises water or a mixture of water and at 
least orts organic component; a particulate solid, prelerably a pigment and an ABC triblock polymer comprising 
an A bloc* which is a hydrophilic polymer, a B block which is a polymer capable erf binding to the particulate 
solid, a C block, different than the A or B block, which is a hydrophobic or hydrophilic polymer; and wherein the 
A and C blocks are end blocks. 
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FIELD OF THE INVENTION 

This invention relates to dispersions having improved stability, and, more particularly, to aquoous 
pigmented inks for ink jel printers having improved stability wherein the pigment drspsrsant is an ABC 
5 tribtock polymer. 

BACKGROUND OF THE INVENTION 

Ink jet printing is a non-impect printing process in which a digital signal produces droptets of ink on 
io media substrates such as paper or transparency films. In thermal ink jet printing, resistive heating is used to 
vapori2e the ink. which is expelled through an orifice in the ink jet printhead toward the substrate. This 
process is known as firing, in which water is vaporized by the heat causing a very rapid and drastic local 
compositional change and temperature rise. This occurs repeatedly at high frequency during the life of the 
printhead. In the orifice areas, the ink composition can drastically change from water-rich to solvent-rich as 
rs well due to evaporation of water. This may cause the pigment particles to flocculate around the orifice in the 
printhead, eventually leading to plugging of the orifice in the printer mechanism from which droplets of ink 
are expelled. This will lead to misdirection of the ink drop or prevention of drop ejection. 

In tfie conventional coating applications, many additives of organic nature are used to impart the 
desired physical properties for tha final use. Examples include polymer binders, thickeners, thixotropic 
2o agents, coating aids. etc. During the drying process, these components are concentrated. The pigment 
dispersion needs to accommodate such changes in order to maintain the uniformity and color quality for the 
final coatings. 

Aqueous pigment dispersions are well known end have been used commercially in films such as paints 
on substrates. A pigment dispersion is gonorally stabilized by oifhor a non-ionic or ionic tochniquo. In the 

2S non-ionic technique, the pigment particles are stabilized by a polymer that has a water-soluble, hydrophilic 
sectton that extends Into the water and provides entroplc or sterlc stabilization. Representative, porymers 
useful for this purpose include polyvinyl alcohol, cetlulosics. and ethylene oxide modified phenols. White the 
non-ionic technique is not sensitive to pH changes or ionic contamination, it has a major disadvantage for 
many applications in that the final product is' water sensitive. Thus, if used in ink applications or the fike. the 

30 pigment will tortd to smear upon exposure to moisture. 

In the ionic technique, the pigment particles are stabilized by a polymer of an ion containing monomer, 
such as neutralized acrylic, maletc. or vinyl sulfonic acid. The polymer provides stabilization through a 
charged double layer mechanism whereby Ionic repulsion hinders the particles from flocculatlon. Since the 
neutralizing component tends to evaporate after application, the polymer then has reduced water solubility 

35 and the final product is not water sensitive. Ideally, a polymer dispersant which could provide both steric 
and charged double layer stabilization forces would make a much more robust pigment dispersion. 

Polymer disporsants having botfi random and block structures have boon disctosod. For oxomplo, U.8. 
Patent 4,597,794 proposes an aqueous ink dispersion for ink jet printers in which the pigment is contained 
in a polymer having ionic hydrophilic segments and aromatic hydrophobic segments that adhere to the 

*o pigment surface. Assignee's. USSN 07/508145 filed on April, 1890, the disclosure of which Is Incorporated 
herein by reference, leaches Ihe use of AB or BAB block polymers as pigment disparsanls for aqueous ink 
jet inks. While both tha random and btock polymer dispersants offer improved stability for the dispersed 
pigment, further improvements are desired for more advanced high quality coating applications. 

Accordingly, the need exists for dispersants which will provide improved dispersion stability, flexibility 

45 tor adjusting to a changing environment and which provide dispersions with improved coating quality. 

SUMMARY OF THE INVENTION 

One aspect of the invention is to provide an aqueous dispersion having improved stability comprising: 
so (a) an aqueous carrier medium; 

(b) a particulate solid; and 

(c) an ABC triblock polymer comprising an A block which is a hydrophilic polymer, a B brock which is a 
polymer capable of binding to the particulate solid, a C block different than tha A or B block, which is a 
hydrophobic or hydrophilic polymer; and wherein the A and C blocks are end blocks. 

ss The invention provides stable aqueous dispersions comprising solids, in particular pigments, having 
broad compatibility in systems containing water misctble organic cosotvents. aqueous additives such as 
thickeners, latex emulsions, etc. Further, when these dispersions are used as aqueous ink jet ink 
compositions, they havo shown to bo extremely flexible and aWo to adjust to system changes such as 
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drying of the coating or the firing conditions and exhibit good resistance to flocculation and develop high 
color strength end gloss. „ 

DETAILED DESCRIPTION OF THE INVENTION 
5 " 

The dispersions of this Invention have Improved stability. They are particularly well suted for us© as 
aqueous ink jet ink compositions for ink jel printers in general, and thermal ink jet printers in particular. The 
ink jet ink composition encompasses pigment-based colorant inks. 

The inks may be adapted to the requirements of a particular ink jet printer to provide a balance of light 
io stability, smear resistance, viscosity, surface tension, optical density, and crust resistance. 

AQUEOUS CARRIER MEDIUM 

The aqueous earner medium is water or a mixture of water and at teast one water soluble organic 
is component. Daionized water is commonly used. The organic component may comprise organic solvents, 
polymeric binders, thickeners, thixotropic agents, coating aids, etc. 

For ink jot inks tho aquoous canrior modium is typically a mixture of water and ai least ono water- 
soluble organic solvent. Representative examples of water-soluble organic solvents are disclosed in 
Assignee's patent application USSN 07/508.145 filed April 11. 1990, the disclosure of which is incorporated 
20 herein by reference. Selection of a suttabte mixture of water and water soluble organic solvent depends 
upon requirements of the specific application, such as desired surface tension and viscosity, the selected 
pigment, drying time of the pigmented coating or ink jet ink. and the type of media substrate onto which the 
coating or ink will be printed. A mixture of diethytene glycol end deionized water is preferred as the 
aquoous carrier medium for ink jot inks, with tho composition comprising between 30% and 95%, preferably 
as 60% to ©5% water, by weight based on the total weight ol the aqueous carrier medium. 

PARTICULATE SOLIDS 

The particulate solids useful in the present invention may be a pigment, colloidal silvar halkJe, metallic 
90 floko, a horbicido, on insecticide, or biomatorials such as drugs, otc. doponding upon the particular 
application of the dispersions of this invention. For example, if tho intended use is in an ink or a paint, the 
particulate solid is a pigment or a mixture of two or more pigments. The term "pigment' as used herein 
means an Insoluble cctorant. 

The particular particulate solid selected must be capable off binding with the B block of the ABC tribloctc 
36 polymer. In other words, the particulate solid must have "binding sites" which will permit binding with the 
polymer. Most of the above-mentioned particulate solids have very specific functional groups on their 
surfaces. 

For example, in the case of pigments, all carbon blac&s have chemisorbed oxygenated complexes, 

primarily acidic in nature (e.g. carboxylic, quinonic. lactonic or phenolic groups) on their surfaces to varying 
40 degress appending on the conditions of manufacture. These acidic groups on the pigment surface provide 

binding sites for dispersails with basic lunclions such as amines. Olhar pigments with actdec or base 

functional groups on their surface, or which can by' modified to contain such groups, are also known. 

Furthermore, almost all of the organic color pigments and many of the surface treatment compounds have 

aromatic features in their structures, providing sites for additional aromatic interactions with the dispersant 
46 Examples of pigments which may be used to advantage include azo, anthraquinone, thioindigo. oxazine. 

quinacridone, lakes and toners of acidic dye stuffs or basic dye stuffs, copper phthalocyanine and its 

derivatives, and various mixtures and modifications thereof. 

The particle size has an influence on the dispersion stability. Brownian motion of minute particles win 

help prevent the particles from flocculation and settling. The particular particle size should thus be selected 
so to optimize the stability of the dispersion, consistent with the other requirements of the particular intended 

application of the dispersion. 

For exampte, in ink jet inks, the pigment particles need to be sufficiently small to permit free flow of tfie 

ink through the ink jet printing device, especially at the ejecting nozzles that usually have diameter ranging 

from 10 micron to 50 micron. In addition. It Is also desirable to use small particles for maximum color 
ss strength and gloss. For ink jet inks, the range of useful particle size is approximately 0.005 micron to 15 

micron, and preferably between 0.01 to 5 microns, more preferably from 0.01 to 1 micron. 

Also in the case of pigments, the selected pigment may be used in dry or wet form. For example, 

pigments are usually manufactured in aquoous media and tho resulting pigment is obtained as water wot 
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presscake. In presscake form, the pigment is not aggregated to the extent that it is in dry form. Thus, 
pigments in water wet presscake form do not require 63 much deaggregetion in the process of preparing 
the inks from dry pigments. Representative commercial dry and presscake pigments that may be used in 
practicing the invention are disclosed in the aforementioned U.S. AppJn. No. 07/508,145, which is incor- 
5 porated herein by reference. 

Fine particles of metal or metal oxides (such as copper. Iron, steel, aluminum, silica, alumina, tltanta, 
and the like) also may bw used to practice the invention and may find application in tha preparation of 
magnetic ink jet inks. 

w ABC TR IB LOCK POLYMERS 

The ABC triblock polymer comprises an A block which is a hydrophilic polymer, a B block which is a 
polymer capable of binding to the particulate solid, and a C block, different than the A or B block, which is a 
hy drop nil cc or hydrophobic pedy mer. and wherein the A & C blocks are end blocks. 

13 

A Block Polymers : 

The function of the A Wock is to facilitate dispersion of the pigment in water. The A block is a 
hydrophilec, or water-soJuble, polymer or copolymer. Some examples are poly(vinyi alcohol), acrylic 

20 hornopolymers and copolymers and polyethylene oxide. Representative A block acrylic polymers are 
disclosed in Assignee's patent application USSN 07/508,145 filed April 11, 1980 tha disclosure of which is 
incorporated by reference. In that application, the hydrophilic polymer which serves to disperse the pigment 
in water comprises the B block, but would comprise the A block in the present polymer. 

Nonionic acrylic A block monomers may be usod, such as othoxytriethyleneglycol-methacrylate. Whon 

35 the A block is an acrylic copolymer, the acid, amino, or water-soJuW® monomer may be used in a range of 
10 to 100%, preferably In a range of 20 to 100% of the A block composition. Salts of these monomers are 
prepared by neutralizing with neutralizing agents. For example, with accd monomers the neutralizing agent 
may be selected from the group consisting of organic bases such as amines, alkanoJ amines, etc., and 
alkali metal hydroxides such as potassium hydroxide, sodium hydroxide, lithium hydroxide, etc. Amino 

oo monomers may bo neutralized with organic or inorganic acids, such es acetic acid, propionic acid, p-toluono 
sulfonic acid, phosphoric accd, sulfuric add, hydrochloric acid, nitric acid, etc. Amino monomers may also 
be quaternized with alkylating agents such as methyl iodide, feanzyl chloride, methyl-p-toUxsne sulfonate, 
etc. 

The A block generally will constitute 10 to 90%. preferably 25 tn 65% of the entire block polymer by 
35 weight. 

B Block Polymers : 

The function of the B block, or ©enter block, of the ABC triblock polymer dispsrsant is to bind the 

40 polymeric dlspsrsant to the surface of tha particulate solid, e.g., pigment partCcle. Strong Interaction of a 
pigment with a polymeric dispersanl is obtained when the dispersanl has cm® or more atlacltad struct ures 
which are the same as fre particle. A common way that this may be accomplished is flvough general 
hydrophobic attraction between the B btock of the polymer end the particle surface. For example, if the 
particle has, or is modified to contain a hydrophobic surface, a block polymer with a hydrophobic block can 

45 bind to such surface through hydrophobic interactions. An example of a 8 block with good hydrophobic 
binding ability is poly<n-bulyl methacrylate). 

Alternatively, a block polymer can bind to a particulate solid through aromatic interactions, ff trta particle 
contains aromatic or aromaticHike groups, or if the particle surface has been pre treated with an aromatic 
substance, then aromatic groups in the B block of an ABC triblock dispersanl may provide good binding to 

60 the particle. A block copolymer can also bind to a particulate solid through ionic bonds. For example, a 
particle containing acidic groups, e.g.. sulfonic acid groups, cen bind strongly to a block polymer in which 
one of the blocks contains basic groups, e.g., amine groups such as those derived from 2-N.N- 
dimethylamincethyl methacrylate. Similarly, a particle containing basic groups, e.g.. amine groups, can bind 
to a block polymer through addle groups. 

55 Covaient bonding provides a fourth, and especially strong, mode of binding a block polymer dispersanl 
to a particulate solid. For example, a particle with carboxyfic groups will react with a polymer which contains 
epoxy groups to form ester linkages. Thus, an ABC triblock polymer containing gtycidyl methacrylate 
groups in tho B block will form strong links to a carboxylic acid -containing particle. 
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Representative acrylic polymers which may be used to advantage as the B block of the present 
polymer are disclosed in the aforementioned patent application USSN 07/508.145 as the A block. Preferred 
B blocks are homopdymors and copolymers of bonzyl methacrylato and/or 2-phonylethyl mothacryfate. 

5 C Block Polymers : 

The function of tfie C Block is to provide stability of Ihe dispersion in the presence of organic 
components which may be in the aqueous carrier medium. Organic components often contribute to 
ftocculation of aqueous pigment dispersions. When the C block of an ABC triblock dispersant has good 

to solubility in the organic components, resistance to ftocculation can be markedly improved. The constituent 
monomer(s) of the C block may be hydrophilic or hydrophobic depending on the properties of the organic 
components, and they may include monomers which are constituents of the B block. Structural similarity 
between the C Wock and the organic component will generally result in good compatibility. Thus, r>buty1 
moth eery late and n-butcwyethyl methecryiate have good compatibility with butyl celiosoJve or butyl carbitol; 

is poly(ethoxytriethylene glycol methacrytate) has good compatibility with poly (ethylene oxide) as well as 
water because it is hydrophilic. Preferred monomers for the C block are butyl methacrylate and ethoxy 
triothytono glycol methacrylato. The C block may also function to improve polymer properties oven in the 
absence o? organic solvents. 

11 is particularly preferred for at least one of the blocks of the ABC triblock polymer to comprise 

20 monomers having ollgoethBr moieties of the general formula 

CH? :CRC(0)0(CH> CM? 0)„Rt 

. whoro R = H, or methyl; R, = altryi of 1-4 carbon atoms or, phenyl; and n = 1-20. Doponding on tho number, 
36 n. of oxyethylene units, the polymers can be just hydrophilic but water insoluble to completely water 
soluble. The solubility of the polymer Increases as the number of oxyethylene units Increases. These 
monomers can be advantageously used in any one of Ihe blocks to adjust the physical properties, e.g.. Tg. 
of the polymer dispersants of this invention white maintaining the compatibility wtlh an aqueous dispersion 
system. 

30 Somo examplos of thoso monomers include ethoxyethyl mothacrylato, butoxyethyl mothacrylate, 
ethoxytrietfiylene methacrylate and methoxy polyethylene glycol methacrylate. Monomers of this formula 
can also be advantageously used in other types of polymers such as random polymers, AB block polymers, 
BAB triblock polymers, branched polymers, and graft polymers. 

The ABC triblock polymers that are selected to advantage in practicing the present invention have an 

36 average number molecular weight below 20.000. preferably below 15.000, and lypically in the range of 
1.000-7.500. Particularly preferred acrylic ADC triblock polymers are disclosed in Assignee's copending 

application USSN , filod February , 1902(CR 0037) tho disclosure of which is incorporated 

herein by reference! 

40 Methods For Synthesis Of ABC Tribiock Polymers: 

Well defined ABC triblock polymers, in which the chemccaJ constitution of each polymeric block differs 
from the other two, can be readily synthesized with many off the new methodologies for performing "living' 
polymerizations. Thus, binary and ternary block copolymers, based on esters, epoxides, and lactones, can 

45 be synthesized using novel metalloporphyrin initiators as described by Aida et al. in Macromolecuies , 1985, 
18, 1040, and KuroW et al. in J. Am. Chem. Soc. , 1991. 113, 5903. Anionic polymerization of vinyl 
monomers permits the synthesis of block copolymers of hydrocarbons as well as acrylics as described by 
Morton in "Anionic Polymerization: Principles and Practice" Academic Press. NY, 1983. Cationic poly- 
merization of oxazoiines as disclosed by Kobayashi et al. in Macromolec uies, 1987, 20. 1729 and 

60 references cited therein, lactones as disclosed by Jonte et al. in J. Macromol. Set. Chem. . 1906. A23. 495. 
and alkyl vinyl ethers as disclosed by Aoshima et al. in Macromolecuies , 1985. provide additional ways of 
preparing block polymers. Group transfer polymerization of acrylic monomers as disclosed by Webster in 
U.S. 4,417,034, 1983, and aldol group transfer polymerization of silyl enol ethers as disclosed by Sogah et 
a). In Macromotecutes, 1983. 19. 1775, are particularly useful methods of producing Wock polymers. 

&5 Using one of the living polymerization melhods. ABC block polymers are prepared by sequential 

addition of three monomers, or groups of monomers, to a suitable initiator. 

An alternative approach is to prepare a living AB diblock polymer followed by reaction of the living end 
with that of a complimentary living polymer. For example jn tho presence of an anion catalyst, tho aldehydo 
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end group of a poly (triaikylsilyl vinyl ether) will condense with the silyl ketone acetal end group of a living 
AB diblock copolymer of aikyl methacrylates prepared by group transfer polymerization to give an ABC 
tribloclc polymer. Hydrolysis of the triaikylsilyl other groups of that end block will then convert that block to a 
hydrophiltc poly{vinyt alcohol) block. 

s Another alternative approach is to pcepsfe a terminal-functional AB diblock polymer using a functional 
Initiator (or terminator) for a living polymerization. A complimentary terminal-functional polymer can then be 
reacted with tire end group of tits AB block copolymer to give art ABC tribtuck polymer. 

Thus, the types of monomers that may be incorporated into the ABC tribtock polymers are 
methacrylates, acrytates, vinylaromatics, diene hydrocarbons, lactones, lactams, oxazolines, epoxides, 

to oxetanes, thtoepoxides, alkyl vinyl ethers, and triaikylsilyl vinyl ethers. For simplicity and convenience, the 
synthesis of ABC triblock polymers by sequential addition of monomers (or groups of monomers) in a living 
polymerization process is preferred. Group transfer polymerization of methacryiate monomers is foe most 
preferred method. 

ts OTHER INGREDIENTS 

Depending on the requirements for tho application, various types of aqueous additives can bo used to 
modify the properties of the dispersion, as known to those skilled in the art. Examples include organic 
cosotvents, coalescing agents, polymeric binders including the water soluble polymers and the water 
20 dlsperslble latex emulsions, thickeners, thlxotroplc agents, surfactants, coating aids, blocldes. sequestering 
agents, etc. 

For ink jet ink applications of the present dispersions, anionic, cationic, nonionic. or amphoteric 
surfactants may be present in the amount of 0.01-5% and preferably 0.2-2%, based on the total weight of 
tho ink. Biocidos such as Dowicidos© (Dow Chemical, Midland, Ml), Nuosopto (Huls America, Inc., 
25 Piscataway, NJ), Omidines® (Olin Corp.. Cheshire, CT), NopcocidesQ (Henkel Corp., Ambler, PA), 
Troysansft (Troy Chemical Corp., Newark, NJ) and sodium bsnzoate; sequestering agents such as EDTA; 
and other known additives, such as humeetants. viscosity modifiers and other acrylic or non-acrylic 
polymers may also be added to improve various properties of the ink compositions. 

In a preferred embodiment, the present dispersions are employed as pigment dispersions for aqueous 
30 ink jot ink compositions which may bo prepared in any of too conventional methods as known to those 
skilted in the art. The preferred formulation in an ink jet ink compositions is 

(a) aqueous carrier medium: approximately 70 to 89.8%, preferably approximately 94 to 99.8%, based 
on total weight of the Ink when an organtc pigment Is selected; approximately 25 to 99.6%, preferably 
approximately 70 to 99.B% when an inorganic pigment is selected; 
35 (b) pigments: up to approximately 30% pigment by weight for organic pigments, but generally in the 
range of approximately 0.1 to 15%, preferably approximately 0.1 to 8%. by weight of the total ink 
composition; with inorganic pigments (which have higher specific gravities), higher concentrations ere 
employed, and may be as high as 75% in some cases. 

(c) ABC triblock polymer: approximately 0.1 to 30% by weight of the total ink composition, preferably in 
40 the range of approximately 0.1 % to 8% by weight of the total Ink composition. 

Jet velocity, separation length of the drop tats, drop sua, and stream stability are greatly affected by the 
surface tension and the viscosity of the ink. Pigmented ink jet inks suitable for use with ink jet printing 
systems should have a surface tension in the range of about 20 dyne/cm to about 70 dyne/cm and, more 
preferably, in the range 30 dyne/cm to about 70 dyne/cm at 20 *C. Acceptable viscosities are no greater 
4$ than 20 cp, and preferably in the range of about 1 0 cP to about 10.0 cP at 20 * C. 

INDUSTRIAL APPLICABILITY 

The ABC triblock polymers of the invention may be designed to provide excellent dispersing power for 
so organic and inorganic soltds in aqueous media, or mixed equeous-organic media. The dispersions with 
improved properties ere particularly useful for coating applications such as paints and color films for 
imaging applications. They are also very useful for various types of inks, in particular, ink jet inks. 

The following examples further illustrate but do not limit the invention. 

55 
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EXAMPLES 

Preparation 1 (Control): Poly{mothacrylic acid [48 mol%]-CO-2- phony lothyt methacrylato {37 rr»l%]-C(> 
ethoxytriethytene glycol methacrylate [15 mol%)); MAA/PEM A/ETEG MA (13/1074) 

5 

To a solution of 200 g (11.49 rnmol) of l-methoxy-l-1rtmelhy Is I loxy-2-methyl-l -propane and 2.3 mL of 
tetrabutylarnmoriium btacetate (0.1 M in propylene carbonate) in 50 mL THF was added dropwise 23.79 g 
(150.56 rnmol) of trimethylsilyl methacrylate. 26.1 g (117.57 rnmol) 2-phanylethyl methacrylate (purified by 
passage over a column of basic alumina) and 12.2 g (48.8 rnmol) ethoxytri ethylene glycol methacrylate 

io (stored over 4A sieves for 7 days). During the course of the addition, the temperature rose to 64.4 *C. 

After stirring at room temperature, under nitrogen blanket, tor 24 hours, 25 g methanol was added to the 
reaction mixture and it was refluxed for 18 hours to remove the trimethylsilyl protecting group from the 
methacrylic acid. Prior to addition of methanol, an aliquot of the reaction mixture was analyzed by 'H NMR. 
which indicated no un reacted monomers were present. 

is The poly(methacry1ic acid [48 mol%)-co-2-phenytethyl methacrylate [37 mol%]-co-othoxytriethylene 
glycol methacrylate [15 mol%]) was isolated via precipitation from hexane. then dried 24 hours in a 50° C 
vacuum ovon to givo 41.9 g of product 'H NMR analysis indicated tho completo removal of the 
trimethylsilyl protecting group. 

The polymer was neutralized with potassium hydroxide by mixing 20 9 of the random polymer with 6.8 

20 g of the potassium hydroxide (45.6% In deionlzed water) and 173.2 g of detonlzed water until a 
homogeneous 10% polymer solution was obtained. 

Preparation 2 : Poly (methacrylic acid |40 mol%h6-2-phenytethyl methacrylate [37 mol%h6-ethoxyfriethylene 
glycol methacryiato [15 mol%]); MAA//PEMA//ETEGMA (13//10//4) 

26 

To a solution of 22.6 g (26.2 mL, 130 rnmol) of 1-methoxy-1-trimethy I si loxy-2-methy H -propone and 0.1 
mL of tBtrabutylammonium btacetate (0.1 M in propylene carbonate) in 300 mL of THF was added dropwise 
268 g (304 mL, 1.88 mole) of trimethylsilyl methacrylate. During the course of the addition the temperature 
of the reaction mbdure rose slowly to 50* C. To increase the rale of polymerization, an additional 1.5 mL of 

30 tetrebutytemmonium biacotato (0.1 M in propylono carbonate) was added in 7 portions. Aftor all of tho 
monomer had been added, the temperature began to fall, and the solution was coo ted witfi a bath to 30 Q C. 
The addition of 248 g (245 mL, 1 .3 mole) of 2-pherrylethyi methacrylate (purified by passage over a column 
of basic alumina under argon) was begun. An additional 0.6 mL of tetrabutylammonlum triacetate (0.1 M In 
propylene carbonate) was added. During the addition the temperature rose 48 *C. When the addition was 

36 complete and the temperature began to fall, the solution was cooled to 31 *C. 0.15 mL of t©lrabuly I am- 
monium biacetate (0.1 M in propylene carbonate) was added, and 128 g (128 mL. 0.52 mole) of 
ethoxytriethytono glycol methacryiato (purified by passago over a column of basic alumina undor argon) 
was added dropwise from an addition funnel. Since little temperature change was observed, an additional 
0.15 mL of tatrabutylammonium biacetate (0.1 M in propylene carbonate) was added to insure completion of 

40 the polymerization. Analysis of an aliquot of the solution by 'H NMR showed that there was no residual 
monomer present. 

To the solution of poly(trimethylsily I methacrylate [48 mol%]-o-2-phenytethyl methacrylate [37 mor%H>- 
ethoxytriethytene glycol methacrylate [15 mol%|) was added 350 mL of 0.03 M tetrabutylarnmoriium fluoride 
trihydrate in methanol. The resulting mixture was refluxed for 16 hr and evaporated in a rotary evaporator 
46 under reduced pressure. The residual polymer was dried for 48 hr in a vacuum oven to give 515 g of poly- 
(methacrylic acid [48 mol%ho-2-phenylethyl methacrylate [37 mol%ho-ethoxytriethylerte glycol 
methacrylate [15 mol%]). 'H NMR analysis of in® product showed that no trimethylsilyl ester groups 
remained. 

The block polymer was neutralized with potassium hydroxide by prewetting 1 00 g of the block polymer 
so with 80 g of a mixture of tetrahydrofuran and isopropanol (3:2 by weight). The mixture was mixed with 32 g 
of potassium hydroxide (45.6% solution in detonized water) and 788 g of detonized water until a 
homogeneous 10% polymer solution was obtained. 

Preparation 3: Poly (methacrylic acid [48 mol%l-o-2-phenytethyl methacrylate [30 mol%J»co-2- 
55 dimethylaminoethyl methacrylate [7 mo l%]-0-<ethoxy Methylene glycol methacrylate [15 md%|); 
MAA//PEMA/DMAEMA//ETEGMA (13//8/2//4) 
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To a solution of 2.52 9 (2.93 ml. 14.5 mmol) of 1 -methoxy-1 -trim ethylsiloxy-2-mothy 1-1 -propane and 0.5 
mL of tetrabutylammonium biacetate (0.1 M in propylene carbonate) in 40 ml of THF was added dropwise 
29.8 g (33.7 mL, 189 mmol) of trimothylsilyl methacrylato (purified by passago over a column of basic 
alumina under argon). During the course of the addition the temperature of the reaction mixture rose from 

5 26 *C to 32 *C. When 0.5 mL ol additional catalyst solution was added, the temperature rose to 50 *C. 
When the temperature had fallen to 38 -C, ttte addition of a mixture of 22.0 g (21 A mL, 118 mmol) of 2- 
phsnyhsthyl methacrylate (purified by passage ovar a column of basic alumina under argon) arid 4.8 g (4.9 
mL. 29 mmol) of 2-di frothy laminoethy I methacrylate (purified by distillation) was begun. An additional 0.5 
mL of catalyst solution was added, and the temperature slowly rose from 34 *C to 36 During 30 min, the 

iq temperature fell to 30 *C. Then 14.5 g (14.5 mL t 58.2 mmol) of ethoxytriethylene glycol methacrylate 
(purified by passage over a column of basic alumina under argon) was added dropwise from an addition 
funnel. An additional 0.5 mL of catalyst solution was added, and during 40 min, the temperature rose to 
32 # C and then fell to room temperature. Analysis of an aliquot of the solution by 'H NMR showed that there 
was no residual monomer present. 

;s The solution of polytfrimethylsilyl methacrylate [48 md%H>-2-phenylethyl mstoacrylate (30 mol%Kc* 
2-dimethylaminoethyl methacrylate f7 mol%1-b-ethoxytriethylene glycol methacrylate [15 mo!%]) was treat- 
ed with 45 mL of .03 M mothanolic tetrabutylammonium fluorido and rtoatod at roflux for 8 hr. The solution 
was evaporated in a rotary evaporator under reduced pressure. The residual polymer was dried tor 24 hr in 
a vacuum oven to give 59 g of poly(methacrylic acid (48 mol%KO-2-phenylethy1 methacrylate [30 mol%)- 

20 co-2-dlmethylamlnc8thyl methacrylate (7 mol%J-fr-ethoxytrlethylene glycol methacrylate [15 mof%)). 'H 
NMR analysis of the product showed that no trimethylsHyl ester groups remained. 

The block polymer was neutralized with potassium hydroxide by miring 15 g of the block polymer with 
43 g of potassium hydroxide (45.8% solution in deionized water) and 80.1 g of deionized water until a 
homogeneous 15% polymer solution was obtained. 

25 

Preparation 4: Preparation of poly(methacryllc acid [48 mol%}-d-benzyl methacrylate [37 moJ% l-c~©thox- 
ytriethylene glycoJ methacrylate [15 mol%]); MAA//BzMA//ETEQMA (13//10//4) 

To a solution of 9.05 g (10.5 mL. 51.9 mmol) of 1-methoxy-1-trimethylsilowy-2-methy 1-1 -propane and 2 

30 mL of tetrobutytemmonium triacetate (0.1 M in prepyloric carbonate) in 150 mL of THF was added dropwise 
107 g (121 mL, 0.677 mote) of trimethylsiryl methacrylate. During the course of the addition the temperature 
of the reaction mixture rose slowly and an additional 2 mL portion of tetrabutylammonium biacetate (0.1 M 
In propylene carbonate) was added. The temperature continued to rise to 57 *C attar all of the monomer 
had been added. When the temperature fell to 33 the addition of a mixture of 91.6 g (88.6 mL, 0.52 

35 mole) of benzyl methacrylate (purified by passage over a column of basic alumina under argon) was begun. 
An additional 1 mL of tetrabutylammonium biacetate (0.1 M in propylene carbonate) was added when the 
temporaturo leveled off at 39' C. As tho addition of monomer was complete, tho tomporaturo roso to 67 *C. 
When the temperature had decreased to 35 *C, 51.2 g (51.2 mL. 0.205 mole) of ethoxytriethylena glycol 
methacrylate (purified by passage over a column of basic alumina under argon) was added dropwise from 

40 an add Won funnel, and the mixture was stirred overnight Analysis of an aliquot of the solution by 'H NMR 
showed thai there was no residual mono mar present. 

The solution of poly(trimethylsilyl methacrylate [48 rnol%]-£>-benzyl methacrylate [37 moJ%H*ethox- 
ytriethytene glycol methacrylate [15 mol%)) was refluxed for 12 hr with 150 mL of 0.03 M melanotic 
tetrabutylammonium fluoride and an additional 100 mL of THF. After evaporation in a rotary evaporator 

45 under reduced pressure, the residual polymer was dried for 48 hr in a vacuum oven at 50 *C to give 185.3 
g of poly(methacrylic acid [48 mol%}-o- benzyl methacrylate [37 mor%>o-ethoxytriethylene glycol 
methacrylate [15 mol%I). ■H NMR analysis of the product showed that no trimethylsiryl ester groups 
remained. 

The block polymer was neutralized with potassium hydroxide by mixing 20 g of the block polymer with 
60 7 g of potassium hydroxide (45.8% solution in deionized water) and 173 g of deionized water until a 
homogeneous 10% polymer solution was obtained 

Preparation 5: Poly(methacrylic acid [48 mor%]-fr-2-phenylethy» methacrylate [37 mol%J-d-metrtox- 
ypolyethylene glycol 400 methacrylate [15 mol%|); M AA//P E MA//PEG400 MA ( I3//I0//4) 

To a solution of 1.72 g (9.9 mmd) of 1 -methoxy- 1 -trimathy lsiloxy-2-msthy I- 1 -propene and 2.0 mL of 
tetrabutylammonium biacetate (0.1 M in propylene carbonate) in 48-2 mL of THF was added a mixture of 
20.79 g of trimothylsilyl mothacrylato and 50 mL of bis(dimothylamino)mothy1silane (which had boon 
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allowed to stand for DO min before beginning addition). After addition of the monomer, the temperature of 
the reaction mixture gradually rose from 25°C to 34 *C during 40 min. and then fell to 28°C during 15 mirt, 
whereupon a mixture of 21.3 g of 2-phonytethyl methacrylato and 50 mL of bis(dim€rthylamino>mothylsjlano 
(which had been allowed to stand for 60 min before beginning addition) was added during 5 min. The 

5 temperature of the reaction mixture rose to 38* C, and 1 mL of tetrabutylammonium biacetate (0.1 M in 
propylene carbonate) was added. The temperature reached a maximum of 40'C 18 min after monomer 
addition was begun, and then fell to 31 *C during 45 min. whereupon a mixture of 18 g of meihox- 
ypolyethylene glycol 400 methacrylate (Polysciences, Inc.. Warrington. PA) and 500 mL of bis- 
(dimethylamino)methylsilane (which had been allowed to stand for 00 min before beginning addition) was 

jo added during 10 min. An additional 1.0 mL of tetrabutylammonium biacetate (0.1 M in propylene carbonate) 
was added. After 18 min and a 2°C rise in temperature, 2.0 mL of tetrabutylammonium biacetate (0.1 M in 
propylene carbonate) was added, and the mixture was stirred overnight and then quenched with 5 molar 
equivalents (on initiator) of methanol. NMR analysis of an aliquot showed that there was no residual 
monomer in the solution of poly(trimethylsiryl methacrylate [48 moi%H>-2-phenylethy1 methacrylate J37 

is moJ%h&-methoxypolyethylene glycol 4O0 methacrylate [15 mbl%]). After addition of 27 mL off tetrabutylam- 
monium fluoride trihydrate (0.03 M in methanol), the reaction mixture was stirred at reflux for 6 hr. The 
solvent was removed under roducod pressure, and the residue was dried in a vacuum oven at 30 • C to give 
a quantitative yield of poly(methacrylic acid (48 moi%}-£>-2-phenylethyl methacrylate |37 mol%]-d-methox- 
yporyethylene glycol 400 methacrylate (15 mol%l). 

20 The block polymer was neutralized with potassium hydroxide by mixing 20 g of the blot* polymer with 
5.5 g of potassium hydroxide (45.6% solution in deionized water) and 174.5 g of deionized water until a 
homogeneous 10% polymer solution was obtained. 

Preparation 6 : Poly (mothacry lie acid |46.8 mol%|-co-othoxytriothylonc glycol methacrylate [14.4 mol%}-b-2- 
36 phenylethyl methacrylate [38.8 mol%l); MAA/ETEGMA//PEMA (13/4//10) 

To a solution of 2.53 g (2.93 mL, 14.5 mmoJ) of 1-methoxy-1-trimethylsitoxy-2-melhy 1-1 -pro pane and 0.5 
mL of tetrabutylammonium biacetate (0.1 M in propylene carbonate) in 40 mL of THF was added dropwise 
a mixture of 29.8 g (33.7 mL. 0.189 mole) of trimethylailyl methacrylate and 14.5 g (14.5 mL, 0.0582 mole) 

30 of ethoxytriethylene glycol methacrylato. The temperature of tho reaction mixture roso from 26 # C to 40 °C. 
After addition of an additional 0.5 mL of tetrabutylammonium biacetate (0.1 M in propylene carbonate), foe 
temperature rose to 57 -C. When the temperature had fallen to 29 'C. 0.3 mL of tetrabutylammonium 
biacetate (0.1 M In propylene carbonate) was added, followed by 29.9 Q (29.6 mL, 0.157 mole) of 2- 
phonylethyl methacrylate. The temperature rose to 48 *C, and the mixture was stirred overnight. NMR 

m analysis of an aliquot of the reaction mixture showed that there was no residuaJ monomer in Ihe solution of 
poly(trimethylsilyl methacrylate [46.8 mol%hco-ethoxytriethylene glycol methacrylate [14.4 mol%>d-2- 
phonytothyl mothacrylato [38.8 mol%|). Tho solution was treated with 45 mL of totrabutylammonium fiuorido 
(0.03 M in methanol) and stirred at reflux for 8 hr. Evaporation under reduced pressure followed by drying in 
a vacuum oven gave 66.5 g of poly(methacrylic acid [46.8 mol%Koethoxytrtethy1ene glycol methecrylate 

40 [14.4 mo l%]-o-2- phenylethyl methacrylate [38.8 mol%J). 

The block polymer was neutralised wilh potassium hydroxide by mixing 20 g of Ihe block polymer with 
8.8 g of potassium hydroxide (45.6% solution in deionized water) and 173.2 g of deionized water until a 
homogeneous 10% polymer solution was obtained. . 

46 Preparation 7 : Hoiy(dimethylaminoetrryl methacrylate [28.3 mol%hccHnethyl methacrylate [18.8 mol%J-b-2- 
phenylethyl methacrylate [37.8 mol%]-6^fhoxytriethylene glycol methacrylate [15.1 mcrf%J) l 
D MAE MA/M M A//PEMA//ETEQ MA (7.5/5//1 07/4) 

To a solution of 15.7 g (18.2 mL, 80.2 mmol) of 1-methoxy-1-trimethylsiloxy-2-methyl-1 -propane and 0.3 
60 mL of tetrabutylammonium biacetate (0.1 M in propylene carbonate) in 400 mL of THF was added dropwise 
a mixture of 106 g (114 mL, 677 mmol) of dimethylaminosthyl methacrylate (purified by passage over a 
oolumn of basic alumina under argon) and 45 g (48.1 mL, 450 mmol) of methyl methacrylate (purified by 
passage over a column of basic alumina under argon). After all of the monomer had been added and the 
temperature began to fall the addition of 172 g (170 mL. 303 mmol) of 2-phenylethyl methacrylate (purified 
&s by passage over a column of basic alumina under argon) was begun. Wlien the addition was complete and 
the temperature began to fall. 88.7 g (88.7 mL. 360 mmol) of ethoxytriethylene glycol methacrylate (purified 
by passage over a column of basic alumine under ergon) was added dropwise from an addition funnel. 
Analysis of an aliquot of tho solution by ! H NMR showod that there was no residual monomer prosent. Tho 
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solution was evaporated in vacuo to give 456 g of poJy(dimethylamrnoethyl rnetfiacrylat© (28l3 mo I %}-CO- 
methyl methacrylate [ta8"SSI%hi>-2-pheriylethy1 methacrylate {37.8 mol%h6^thoxy1riethytene glycol 
mofoacryferto [1 5.1 mol%D. GPC: Mn = 6240, Mw = 7770, Mw/Mn = 1 .24. 

The block polymer was neutralized with phosphoric acid by prewettirtg 60 g of the btock polymer with 
50 g of a mixture of tetrahydrofuran and isopropanoi (3:2 by weight) and men mixed with 13.5 g crl 
phosphoric acid (47.5% solution In delonlzed water) and 219.8 g of deionized water until a homogeneous 
15% polymer solution was obtained. 

Control 1: Preparation of pigment dispersion using random polymer MAA/PEMA/ETEGMA (13/10/4) 
A black pigment dispersion was prepared using the following procedure: 



15 



Ingrodiont 


Amount (parts by weight) 


FW18. Carbon black pigment (Degussa Corp.. Allendale, NJ) 
Polymer obtained in Preparation 1. (10% solution) 
Deionized wator 


40 
200 
160 



20 



25 



00 



35 



The above mentioned components were premixed in a plastic beaker by mechanical stirring until no 
lumps or dry clumps were visible. The mixture was dispersed in a microftuidtzer (Mtcrofluidics Corp., 
Watham, MA) by passing it through the interaction chamber 5 times under a liquid pressure of about 10,000 
psl. The resuming pigment dispersion had 10% pigment concentration witti an average particle size of 111 
nm as determined by Brookhaven BI-S0 particle sizer. Tlie dispersion was filtered through a 1 micron high 
efficiency lifter bag (3M Filtration Products, St. Paul. MN). The final pH was 856. 

Example 1: Preparation of pigment dispersion using ABC triblock polymer MAA//PE MA//ETEG MA 
(13//1Q//4) 

A black dispersion was prepared using the following procedure: 



Ingredient 


Amount (parts by weight) 


FW18, Carbon black pigment (Degussa Corp., Allendale, NJ) 
Polymer obtained in Preparation 2, 
Deionized water 


200 
1.000 
800 



The above mentioned components were premi«ed and dispersed, and filtered as described in Control 1 
to give a 10% pigment concentrate, having an average particle size of 114 nm as determined by 
40 Brooxhaven BI-S0 partlcJe slzer. The final pH was 7.57. 

Example 2: Preparation of pigment dispersion using ADC triWock polymer MAA//PEMA/OMAEMA//ETEGMA 
(13//672//4) 



45 



A black dispersion was prepared using the following procedure: 



60 



Ingredient 


Amount (parts by weight) 


FW200, Carbon black pigment (Degussa Corp., Allendale, NJ) 
Polymer obtained in Preparation 3, 
Deionized water 


30 
100 
70 



The above mentioned components were premixed in a plastic beaker and mechanically stirred for 3 
hours. 10 g of KOH (45.6% solution) was added to adjust the pH and the mixture was stirred overnight. 
Another 1.0 g of KOH (45.6% solution) was added and the mixture was dispersed and filtered as described 
in Control 1 to give dispersed and filtered as described in Control 1 to give a 10% pigment concentrate, 
having an average particle size of 106 nm as determined by Brookhaven BI-S0 particle sizer. The final pH 
was 7.37. 
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Example 3: Preparation of pigment dispersion using ABC triblock polymer MAA//BzMA//ETEGMA 
(13//10//4) 

A black dispersion was prepared using the following procedure: 



tngredtont 


Amount (parts by weight) 


PW18, Carbon black pigment (Degussa Corp.. Allendale. NJ) 
Polymer obtained in Preparation 4, 
Deionized water 


40 
200 
160 



The above mentioned components were premixed, dispersed, and filtered as described in Control 1 to 
givo a 10% pigment concentrate, having an avorago particlo sizo of 118 nm as determined by Brookhavon 
BI-60 particle sizer. The finaJ pH was 7.35. 

Example 4: Preparation of pigment dispersion using ABC triWock polymer MAA//PEMA//PEG4G0MA 
(13//10//4) 

A black dispersion was prepared using the following procedure: 



Ing redes rd 


Amount (parts by weight) 


FW18, Carbon black pigment (Degussa Corp.. Allendale, NJ) 
Polymer obtained in Preparation 5, 
Deionized water 


40 
200 
160 



The above mentioned components were premixed, dispersed, and filtered as described in Control 1 to 
give a 10% pigment concentrate, having an average particle size of 116 nm as determined by Brookhsven 
30 BI-GO particlo sizor. Trio final pH was 8.88. 

Example 5: Preparation of pigment dispersion using AB dibtock polymer M AA/ETE QM A//PE MA (13/4//10)) 

A black dispersion was prepared using the following procedure: 



Ingredient 


Amount (parts by weight) 


FW18. Carbon black pigment (Degussa Corp., Allendale, NJ) 
Polymer obtained in Preparation 6, 
Deionized water 


40 
200 
160 



The above mentioned components were premixed, dispersed, and filtered as described in Control 1 to 
give a 10% pigment concentrate, having an average particle size of 116 nm as determined by Brookhaven 
BI-GO particle sizer. The final pH was 7.93. 

Example 6 : Preparation of pigment dispersion using ABC triblock polymer DMAEMA/MfvW/PEMA//ETEGMA 
(7.5/5//10//4) 

A magenta dispersion was prepared using the following procedure: 



55 
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Ingredient 


Amount 




(parts by weight) 


Sunfast magenta 122 (Presscake, 62.7% 


7b .9 


pigment. Sun Chemical Corp., Cincinnati, Ohio) 




Polymer obtained In Preparation 7 


133.3 


Dttiunized water 


57.5 



The above mentioned components were mixed and mechanically stirred for 3 hours. The mixture was 
dispersed by passing through a microtliiidizer oontinuousry for 30 minutes, and then diluted with dainntzed 
water to a 10% pigment concentrate and filtered as in Control 1. The dispersion had an average particle 
size of 148 nm as determined by Brookhaven BI-90 particle sizer. The final pH was 4.12. 

Stability Test : 

Dispersion stability was determined by measuring the particle size change In delta nm (Brookhaven BI- 
90 parlicle sizer, Brookhaven Inslrumenl Corp., Hollsville, NY) after lha ink samples had been subjected to 4 
temperature cycles, each consisting of 4 hours at -20 *C and 4 hours at 70 *C. The pigment concentration 
of the samples was 5% of the total ink weight. The cosorvents were tested at 8% of the total liquid carrier 
medium. The surfactants were tested at 3% of the total liquid carrier medium. The results are shown in 
Table 1 below. 
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5 Delta xm 





Cosolvent 

OtJSurfaet-.Hnf 


Ci 


El 


£2 


S3 


E4 


E5 




Coaolventrs : 














10 


Weopentyl glycol (2, 2°di- 
















si«thyl-l, 2 -propanediol) 


13 


7 


0 


0 


0 


12 




3, 3-Dimethyl-l, 2- 














13 


butanediol 


50 


15 


0 


9 


3 


10 




1,2, 4-Butanet r iol 


2 


13 


9 


18 


2 


5 




Dowanol© TBH 


Fl 


42 


10 


27 


100 


15 


20 


Butyl carbitol 


F 


64 


1 


21 


148 


14 


Liponic© EG-1 


1 


5 


1 


0 


5 


0 




N-Acetyl ethanolaroine 


9 


£ 


7 


14 


3 


113 




l-Ethyl-2-pyrrol Idinone 


5 


0 


17 


7 


0 


22 


36 


1 , 4 -Cyclohexanedi- 
















snetbanol 


5 


44 


0 


4 


0 


12 


30 


Sw£Antants: 
















Merpol® SH 


96 


45 


0 


25 


33 


27 




Aerosol® MA-80/ 
















Aerosol® OT (2/1) 


6S 


26 


0 


23 


23 


18 


36 


Surfynol© CT-136 


41 


28 


0 


15 


27 


16 




Surfynol© <9 65 


47 


32 


0 


10 


4 


12 




Triton© X-100 


50 


25 


30 


31 


18 


7 






AS* 




_G. 


27 


42 





Neopentyl glycol, 3,3-dimefhyH ,2-butaned iol, 1 ,2.4-butanetriol, butyl cerbitoJ. N-acetyl ethanolamine, 1- 
ethyl-2-pynofidinone, 1 .^yclohexanedimethanol were obtained from Aldrich Chemical Co., Milwaukee, Wl. 
46 Dowanol© TBH was obtained from Dow CHemical, Midland. Ml. 

Liponic® EG-l was obtained from Upo Chemicals Inc., Paterson, MJ. 

Merpol® SH was obtained from E. I. Du Pom Co.. Wilmington. DE. 

Aerosol® MA-80 and OT were obtained from American Cyanamid Co., Wayne. NJ. 

Surfynol© CT-136 and 466 were obtained from Air Products and Chemicals, Inc., Allentown, PA. 
so Triton© X-10Q was obtained from Rohm & Haas Co.. Philadelphia, PA. 

Synthrapol© KB was obtained from ICI Americas, Inc., Wilmington, DE. 
1 F = Grossly flocculated 

Since the C block of the polymer dispersant in Example 1 has a similar structure to Dowanol TBH and 
butyl carbitol. a dramatic Improvement In stability was obtained over Control 1 In dispersions containing 
56 these cusofverrts. In Example 2, the poiymer dispersant has amine functions in trie center B block to interact 
with the acidic surface of FW200 carbon black (pH = 2.5). The dispersion exhibited much improved stability 
for all cosolvents and surfactants tested. 
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Print Test 

Tost ffi: A black ink was formulated with the following composition: 

5 



Ingredient 


Amount (Part by Weight) 


Pigment concentrate of Example 2 


8.0 


Diethyleneglycol 


1.0 


Butyl carbrtol 


1.0 


Deionized water 


10.0 



Tho ink was filled into a tfiormal ink jet pon and printed with a Hewlett Packard DeskJot Ink jot printer 
on Gilbert bond paper (25% cotton, Mead Co.. Dayton, OH), tt printed smoothly and the print had an optical 
density of 0.91 with ink penetrating through the paper very rapidly. 

Test #2: A black ink was formulated wilh the following composition: 



Ingredient 


Amount (Part by Weight) 


Rgrnent concentrate of Example 1 


ao 


Liponicd EG-1 


1.5 


Triton® X-100 


0.2 


Detonized water 


10.3 



The ink was filled into a thermal ink jet pen and printed with a Hewlett Packard DeskJet ink jet printer 
on Gilbert bond paper (25% cotton. Mead Co. Dayton. OH). It printed smootfrly arid the print had very 
oo sharp edges with on optical density of 1 .27. 

Ctalme 

1. An aqueous dispersion having improved stability comprising: 
35 (a) an aqueous carrier medium: 

(b) a particulate solid; and 

(c) on ABC tribtock potymor comprising an A block which is a hydrophilic polymer, a B block which 
is a polymer capable of binding to the particulate solid, a C block, different than the A or B block, 
which is a hydrophobic or hydrophilic polymer; and wherein the A and C Weeks are end blocks. 

to 

2. The dispersion of claim 1 . wherein Ihe particulate solid is a pigment and wherein said aqueous carrier 
medium comprises water and an organic solvent. 

3. The dispersion of claim 1 or 2, wherein the A block is selected from the group consisting of polyvinyl 
<J5 alcohol), acrylic ftomopoiymer, acrylic copolymer, and polyethylene oxide. 

4. The dispersion of claim 3. wherein the A block is an acrylic homopolymer or copolymer prepared from 
monomers selected from the group consisting of acid monomers, amino monomers and water-soluble 
monomers. 

50 

5. The dispersion of claim 4, wherein tfie monomer is neutralized with a neutralizing agent. 

S. Tlie dispersion of daim 4, wherein the monomer is in the range of 10 to 100% by weight based on the 
total weight of the A block. 

55 

7. The dispersion of claim 1. wherein the A block comprises approximately 10 to 90% by weight based on 
the total weight of the Wock polymer. 
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6. The dispersion of claim 1 or 2. wherein the B block binds to the particulate solid through hydrophobic 
interactions. 

9. The cfcpercion of claim 8, wherein the B block is poly(n-butyl meth aery late). 

10. The dispersion of claim 1 or 2. wherein the B block binds to the particulate solid tfirough aromatic 
interactions. 

11. The dispersion of claim 10. wherein the B block is a homopolymer or copolymer of benzyl 
meth aery I ate. 

12. The dispersion of claim 10, wherein the B block is a homopolymer or copolymer of 2-phenylethyl 
methacrylate. 

1a The dispersion of claim 1 or 2. wherein the B block binds to the particulate solid through ionic bonds. 

10. The dispersion of claim 13, whoroin the B block comprises basic groups and wherein the particulato 
solid comprises acidic groups. 

1B. The dispersion of claim I or 2, wherein the B block binds to the particulate solid through covaJent 
bonding. 

16. The dispersion of claim 1 or 2, wherein the C block Is hydrophilic. 

17. The dispersion of claim 1 or 2, wherein the C block is hydrophobic. 

1a The dispersion of claim 1 or 2. wherein the C block is prepared from monomers selected from the 
group consisting of butyl methacrylate and ethoxytrie thy tone glycol methacrylate. 

19. Tho dispersion of claim 1, whoroin the ABC triblock is prepared from monomers selected from tho 
group consisting of methacrylaies, acrylates, vinytaromatics, diene hydrocarbons, lactones, lactams, 
oxazotines, epoxides, oxetanes, lhioepoxid»s, aJkyl vinyl ethers, and trialkylsilyl vinyl ethers. 

20. The dispersion of claim 1 or 2, wherein tho ABC triblock is prepared from monomers having olig nether 
moieties of the general structure: 

CH2 :CRC(O)0(CH2ChfeO) w Ri 

where R = H or methyl; R1 = aJkyl of 1 to 4 carbon atoms or phenyl; and n = 1 -20. 

21. The dispersion of claim 20, wherein said monomers are selected from the group consisting of 
ethoxyethyf methacrylate. butoxyethyl methacrylate. ©thoxytriethyfene methacrylate and methox- 
ypolyethylene glyed metfiecrytate. 

22. The dispersion of claim 1 or 2, whorein trta ABC tribtock is methacrylic aciov/phenylethyl 
methacrylate'/ettoxytriethytene glycol methacrylate (13//107/4). 

2& The dispersion of claim 1 or 2, wherein the ABC tribtock is methacrylic acloV/phenylethyl 
methacrylate/dimethylaminoothyf me^acrylato'/ethoxytriethylone glycol methacrylate(l 3//B/2//4). 

24. The dispersion of claim 1 or 2, wherein the ABC triblock is dimethylominoethyl methacrylateAnethyl 
mefracrylate'/phenyletfiyl methacrylate/Vethotrytriethylene glycol me?hacry1ate(7.5/& r /l0//4). 

25. The dispersion of claim 1 or 2, further comprising at least one organic component selected from the 
group consisting of organic solvents, polymeric binder*, water-soluble polymers, water-dispersibts latex 
emulsions, thickeners, coalescing agents, surfactants, btocides. sequestering agents, thixotropic agents 
and coating aids. 



15 



EP0 556 643 A1 

26, The dispersion of claim 2. wherein the organic solvent is a water soluble organic solvent having at least 
one hydroxyt group. 

27. The dispersion of claim 1 or 2. wherein the particulate solid has a size of approximately 0.01 to 5 
5 microns. 

2a The dispersion of claim 1. wtierein the particulate solid is selected from the group consisting ol 
pigments, colloidal silver halide. metallic flake, herbicides, insecticides, and biomalerials. 

10 
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